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With global warming, Sekercioglu
et al. [11] predict that this species
should live 560 meters higher,
corresponding to a 2.8C warming.
Their model does not permit a future
range to fall outside of the geographical
‘field guide range’. It does allow
species to move upwards inside it.
There are some areas where it could
(theoretically) move uphill, to the places
shown in light green. Not every
population will be so lucky. Other
populations have no higher elevations
into which to escape.
T. atra lives in remote mountain
forests. It is common and has fared far
better than lowland forest species
because of its isolation. Yet, it is clearly
a species at considerable risk from
climate change. At even greater risk is
its congener, the grey-winged cotinga,
Tijuca condita. Sekercioglu et al. [11]
did not model for it as it is one of the
world’s rarest species and there was
insufficient information about it [12].
Living in forests at higher elevations
than T. atra, it has even fewer places to
which to flee the heat.
Understanding the details of
Sekercioglu et al. [11] is a daunting
task. So, too, is understanding Jetz
et al. [14], whose work covers similar
ground and draws broadly comparable
conclusions. I had many moments of
‘‘why did they make that assumption?’’
and ‘‘what would be different if they
used my scenario rather than theirs?’’
Moreover, these two species reach the
present day tree line in many locations,
so if the species are to move uphill,
then their forest habitat must do so
first — and do so within the century in
which the climate will warm. These
questions come on top of all the
concerns raised earlier about the entire
climate-envelope modelling process.
Do these results have any credibility?
My emphatic ‘‘yes’’ comes from
considering the governing dynamics.
First, across a wide range of taxa, most
species have much smaller than
average geographical ranges. This is
the reverse of the Lake Wobegon
effect, where famously all children are
above average. Simply, there are a few
species with huge geographical ranges
and they inflate the average. Second,
Mother Nature is unkind. Small-ranged
species are typically both locally rare
and have narrow elevational limits [15].
It gets worse. If NewWorld passerine
birds are typical, a quarter of all species
live in mountains and so face moving
uphill into inevitably smaller areas.
Many rare, narrowly limited species
with small geographical ranges live
in lowland tropical forests and are
already threatened by the extensive
deforestation there. For New World
passerine bird species,w1500 live
mostly below 1000 meters. There are,
however, anotherw500 that live
entirely above 1000 meters above
sea level [15]. In coastal Brazil, they
have fared better than their lowland
counterparts. Thus far, that is. Simple
physics determines that there is always
less area, the higher one climbs.
Certainly, the climate models can
make the wrong predictions. The shrike
illustrates Sod’s law— everything that
can go wrong will and at the worst
possible moment. The bird did worse,
not better than expected. Faced with
a promising future in Britain,
persecution (from egg collectors) and
the bird’s small populations in
fragmentedhabitats likely doomed it.Of
course, massive habitat fragmentation
and hunting are threats to many of the
world’s small-ranged species.
The ecological details may be
sublime, and the models of them
worryingly simplistic, but the
overarching conclusion is chilling.
Large numbers of species, thus-far
largely unaffected by human actions,
are in danger of extinction from climate
change.
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R119Developmental Biology: Cell
Intercalation One Step beyond
Formation of the primitive streak, the equivalent of the blastopore, is a critical
step during the early development of amniote embryos. Medio-lateral cell
intercalation and the planar cell polarity pathway play a role during this earliest
step of gastrulation in the chick embryo.Bertrand Be´naze´raf
and Olivier Pourquie´*
Formation of the primitive streak is the
first sign of gastrulation in amniotes,
such as birds and mammals. The
primitive streak is a stripe of cells
defining the future midline of theembryo and is considered to be
functionally equivalent to the
amphibian blastopore. During amniote
gastrulation, cells from the superficial
epithelial layer, the epiblast, ingress
ventrally throughout the streak to
form the two internal germ layers:
the mesoderm and the endoderm.
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Figure 1. Cell intercalation during amniote primitive streak formation.
(A) Epiblast cells move bilaterally toward the posterior midline in a counter-rotating stream,
called ‘polonaise’ movement (green arrows). Cells from the midline move anteriorly (blue
arrow). (B) During formation of the primitive streak, convergent extension by medio-lateral
cell intercalation occurs in the epiblast in the proximity of the forming primitive streak.The streak first becomes visible as
a thickening of the blastoderm in the
posterior part of the embryo. Cells
from both sides of the epiblast move
toward the posterior midline in
a counter-rotating movement called
‘polonaise’ and then merge with the
forming primitive streak, contributing
to its anterior extension into the area
pellucida (Figure 1A) [1–5]. The
mechanisms leading to primitive streak
formation have been an important
subject in developmental biology.
Oriented cell divisions were proposed
as a major force driving streak
formation and elongation [6], while
other studies suggested that cell
movements involved in streak
formation were coordinated by
chemotaxis [3,4,7,8]. Fate mapping of
chick embryo epiblast cells has shown
that convergent extension movements
also take place during the formation
and elongation of the streak [9]. This
process takes place much earlier than
the convergent extension phase,
which occurs in the mesoderm and the
neural plate after gastrulation in fish
and frogs and thereby controls early
steps of their axis elongation. During
convergent extension, cells move in
between each other and intercalate,
causing the tissue to narrow and to
elongate along the anterior-posterior
axis [10].
In their recent paper, Voiculescu
et al. [11] reinvestigate the process of
primitive streak formation using high
resolution, time-lapse imaging in
chick embryos. By overexpressingfluorescent marker proteins in the
epiblast, the authors were able to
track individual cells during primitive
streak formation. After ruling out
oriented cell division as a major force,
they analyze the behavior of individual
cells from the epiblast in a central
region close to the future streak.
Close to the forming primitive streak,
the epiblast cells clearly intercalate,
whereas cells at the periphery do not
exhibit such movements. Interestingly,
epiblast cells near the streak tend to
extend protrusions in the plane of the
epiblast, a feature also observed in
mesoderm cells during convergent
extension in frogs [10,12]. These
experiments thus nicely confirm the
observations of Lawson and
Schoenwolf [9], demonstrating an
early phase of convergent extension
in the chick epiblast during primitive
streak formation. In addition, they
show that this convergent extension
mechanism is driven by medio-lateral
cell intercalation (Figure 1). The cell
intercalation described in the
new work [11] occurs within an
epithelial cell layer, the epiblast.
In this regard, it strikingly resembles
convergence and extension in the
ectoderm during germ band
extension in Drosophila, suggesting
that it could involve a similar
mechanism of reorganizing cell
junctions [13].
The Wnt/PCP pathway was first
described in Drosophila and proposed
to play a role in the regular arrangement
of ommatidia in the eye or of winghairs [14]. In vertebrates, the Wnt/PCP
pathway has been implicated in cell
intercalation and convergent extension
during axis formation. For example,
the PCP component Dishevelled was
shown to control cell polarity and
convergent extension during Xenopus
gastrulation [15]. Therefore, Voiculescu
et al. [11] investigated the expression
and function of well known
components of the Wnt/PCP pathway
in the chick embryo during primitive
streak formation. They identified three
genes — Flamingo 1, Prickle1 and
Vangl2 — that were expressed in the
zone where they observed cell
intercalation. Loss-of-function
experiments showed that the PCP
pathway is indeed necessary for streak
formation, but not for cell ingression
during gastrulation. These results led
the authors to propose that cell
intercalation and the polonaise
movements in the epiblast require the
PCP pathway.
What defines the site where the
primitive streak forms? In amniotes, it
has been demonstrated that the
hypoblast, the ventralmost layer of
the embryo, controls the initiation
and the positioning of the primitive
streak by modulating Nodal signaling
and influencing the epiblast cell
movements involved in streak
extension [16,17]. Following a
90 degree rotation of the hypoblast,
Voiculescu et al. [11] observed
ectopic expression of PCP pathway
genes in the epiblast, whereas
expression of genes involved in
mesoderm specification, such as
Brachyury, was not altered. This
suggests that streak formation and
mesoderm specification can be
uncoupled. FGF signaling has been
shown to be required for the initiation
of primitive streak formation in chick
[4], and Voiculescu et al. [11] show
that grafting a bead soaked in FGF8
mimics the ectopic activation of
Wnt/PCP pathway genes induced by
rotation of the hypoblast. Thus, the
regulation of the PCP pathway in the
epiblast could be different from
the mechanism at play during the
later convergent extension phase
involved in axis extension which
depends on non-canonical Wnt
signaling. These observations
are consistent with the lack of
streak formation observed after
overexpression of dominant-negative
constructs of Wnt11 in the chick
embryo epiblast [4].
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gastrulation are conserved among
vertebrates [18]. However, the newly
described early convergence extension
mechanism of the epiblast that
takes place at the very beginning of
gastrulation appears to be specific to
amniotes. This phase might explain the
evolutionary change of shape of the
blastopore, from a circular structure to
the radial slit shape characteristic of
the primitive streak.
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females there are hidden pitfalls. For
a start, we need to consider how other
factors, such as the adult sex ratio,
affect the operational sex ratio.
Cardinalfishmales aremouth-brooders
that protect fertilized eggs within
their mouths until they hatch. Thus,
cardinalfish males have a lower
potential reproductive rate than
females; however, females have
a higher mortality rate, so there is still
a surplus of males willing to provide
paternal care and females do not
compete for males [5]. More generally,
the potential-reproductive-rate
approach relies on the unsatisfactory
abstraction of potential rates even
though selection acts on actual rates of
reproduction. Potential reproductive
rates can be extremely misleading
when trying to explain why females
more often provide parental care.
A still widespread argument is that
caring males forego more mating
opportunities than caring females, but
this rests on the false premise that
males do actually reproduce at a higher
rate than females. Unless the adult sex
ratio is biased, this is impossible
because each offspring has onemother
and one father [4,6]. Another
challenging aspect of calculating
potential reproductive rate is deciding
what constitutes ‘unconstrained
